Silver nanoparticles have been immobilized on the surface of waste almond shell using Ruta graveolens sleeves extract as a reducing and stabilizing agent in the present work. FT-IR spectroscopy, photoluminescence spectroscopy, X-ray diffraction (XRD) patterns, field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray spectroscopy (EDS) and transmission electron microscopy (TEM) were used to characterize the almond shell supported silver nanoparticles. The diameters of AgNPs on the almond shell were mostly in the 5-15 nm range. The catalytic performance of the synthesized catalysts was studied in reduction of 4-nitrophenol (4-NP), rhodamine B (RhB) and methylene blue (MB) at ambient temperature. AgNPs/almond shell was found to be a highly active and recyclable catalyst in the related reaction, which can be recovered and reused seven times with no appreciable loss of catalytic activity.
Introduction
Noble metal nanoparticles (NPs) have been intensively investigated for the past two decades for a wide range of applications including optics, electronics, sensing, catalysis and biomedicine, given their unique and tunable properties.
1,2 Silver, among the noble metals, is particularly attractive due to its very high electrical conductivity, anti-bacterial activity and relatively low cost. Silver nanoparticles (AgNPs) can be applied as catalysts in a number of important chemical processes, including selective alkane and alkene oxidation, 2 hydrogenation of dyes, 3 4-nitrophenol (4-NP) reduction to 4-aminophenol (4-AP), as an intermediate step in the synthesis of pharmaceutical compounds (e.g., paracetamol). 4 As catalysts, AgNPs are usually immobilized onto such appropriate substrates as silica, 5 alumina, 6 zeolites,
7
TiO 2 8 and different types of carbon compounds 9,10 so as to (i) prevent their agglomeration and thus the reduction of their catalytic activity, and (ii) increase their efficiency via suitable interaction with the substrate. 2 There are several green synthetic methods, on the other hand, for obtaining stable and size controlled AgNPs and prevention of their agglomeration.
11-13 Synthesis of plant mediated silver nanoparticles has been reviewed by Ahmed et al.
14 Some plant extracts, such as Capsicum annuum L., Jatropha curcas, Argemone mexicana and Citrus limon extracts, have been shown to form stable nanoparticles due to the presence of reducing agents such as alkaloids, polyphenols and avonoids, which are major phytoconstituents.
15-18
There are several green synthetic methods for preparation of AgNPs. 8, [19] [20] [21] However, the green synthesis of the Ag/almond shell nanocomposite, in which Ruta graveolens leaf extract is used as a reducing agent for Ag(I) conversion to Ag(0), has not been reported.
Ruta graveolens (Fig. 1 ) is an odoriferous herb of Rutaceae family. Ruta graveolens is the Rue or Rue oil source, referred to as Sadab or Satab in Iran. Ruta graveolens has anti-nociceptive, anti-inammatory and anti-pyretic activities, possibly due to the plant species inhibiting mediators implicated in pain, inammation and fever. Protocatechuic, vanillic, syringic, p-coumaric acid and coumarins ( Fig. 2) have been detected and quantitatively analyzed in the extract of Ruta graveolens leaves.
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Rutin, whose name originates from the rutin containing Ruta graveolens plant, is a avonoid glycoside of quercetin, found in many plant species.
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In this work, cheap agricultural waste almond shells as a naturally valuable resource and environmentally friendly support have been used for immobilization of silver nanoparticles (AgNPs).
A very important crop throughout the world's different temperate regions, almonds (Prunus amygdalus L.) account for 35-75% of the total fruit weight. 24 Thus, about 0.8-1.7 million tons of almond shell is le annually. The ligno-cellulosic material forming the thick endocarp or husk of the almond tree fruit, separated upon processing the fruit to obtain the edible seeds, almond shell is an agricultural waste with no important industrial application, which is usually incinerated or dumped. Air pollution, soil erosion and decreased soil biological activity are caused by burning agricultural wastes. Application of agricultural residues prevents environmental damages and brings about extra income for farmers. 25 Iran, a major producer of almond, exports thousands of tons of almond annually. Thus, almond shell is easily accessible in the country as an agricultural waste. Almond shell consists of cellulose, hemicelluloses and lignin. 24, 26 The structure of almond shell and its components; especially cellulose, on the other hand, make it appropriate for the production of composites.
The leaf extract of Ruta graveolens has been used in this study as a reducing and stabilizing agent to immobilize AgNPs on the almond shell surface as bio-waste support to form Ag/almond shell nanocomposite in the absence of any harmful reducing or capping agents. This is an environmentally benign alternative route, which avoids the application of hazardous materials. The catalytic activity of Ag/almond shell nanocomposite in the reduction of 4-NP, RhB and MB in the presence of NaBH 4 in aqueous media has also been studied. Most importantly, only a slight loss is observed in the catalyst activity of Ag/almond shell nanocomposite aer several recycles.
Experimental

Instruments and reagents
Highly pure chemicals were purchased from Merck and Aldrich Chemical Companies. FT-IR spectra were recorded on a Varian model 640 spectrophotometer using pressed KBr pellets. UV-Vis spectra were recorded using a double beam Shimadzu UV-2500 spectrophotometer to ensure the formation of nanoparticles. Varian Cary Eclipse spectrouorometer was used to record the photoluminescence spectra in a 1 cm optical path quartz cuvette (scan speed ¼ 100 nm min À1 , slit width ¼ 5/5 nm). X-ray diffraction (XRD) measurements were carried out using a Philips model X'PertPro diffractometer (Cu Ka ¼ 1.5406Å) at a scanning rate of 2 min À1 in the 2q range (10-80). Scanning electron microscopy (SEM) was performed by a TESCAN model VEGA3-XMU equipped with energy dispersive spectroscopy (EDS) analysis. A Philips-EM-2085 transmission electron microscope was used to obtain TEM images at an accelerating voltage of 100.0 kV.
Preparation of Ruta graveolens leaves extract and Ag/ almond shell nanocomposite
Dried leaves of Ruta graveolens (10 g) were powdered and reuxed at 80 C with deionized water (60 mL) for 1 h, aer which the mixture was allowed to cool to room temperature. The aqueous extract of Ruta graveolens leaves was then centrifuged at 6500 rpm and the supernatant was separated by ltration.
In a typical Ag/almond shell nanocomposite synthesis, rst, waste almond shells were washed, dried at 90 C for 6 h in an oven, and mechanically pretreated by crushing in a mill, followed by sieving to separate <40 mm particle size fractions. Then the plant extract (30 mL) was added dropwise to 30 mL of an AgNO 3 solution (0.3 g) and almond shell powder (1.0 g) under constant stirring at 70 C for 2 h. The resulting mixture was then allowed to cool, ltered, washed with distilled water and dried at 80 C in an oven for 12 h.
Catalytic reduction of 4-NP, RhB and MB by Ag/almond shell nanocomposite
In a typical run, the catalyst (5.0 mg) was added to a 2.5 mM 4-NP aqueous solution (25 mL). 0.25 M aqueous solution of freshly prepared NaBH 4 (25 mL) was then added and the mixture obtained was allowed to stir at ambient temperature until the deep yellow color of the solution turned colorless. UV-Vis spectroscopy was used to monitor the reaction progress. Upon completion of the reaction, the catalyst was simply removed from the reaction media by brief centrifugation, washed several times with deionized water and dried for the next cycle. In addition, the catalyst (5.0 mg) was added to 3.1 Â 10 À5 M MB aqueous solution (25 mL). 2.6 Â 10 À3 M freshly prepared NaBH 4 aqueous solution (25 mL) was then added and the resulting mixture was allowed to stir at ambient temperature. UV-Vis spectroscopy was used to monitor the reaction progress. Upon completion of the reaction, the catalyst was simply removed from the reaction media by brief centrifugation, washed several times with deionized water and dried for the next cycle. Similar procedures were used in the catalytic reduction of RhB. Equal amounts of NaBH 4 and 5.0 mg of the catalyst were used in each catalytic reaction. The concentration of RhB aqueous solution was 2.0 Â 10 À5 M.
3 Results and discussion
Mechanism of reduction of AgNO 3 to AgNPs by the phytoconstituents of Ruta graveolens
Ruta graveolens leaf extract has been used as a stabilizing and reducing agent in this work to immobilize AgNPs on the almond shell surface to form Ag/almond shell nanocomposite (Fig. 3) . The reduction of Ag(I) ions and the formation of the corresponding AgNPs may be accounted for by the presence of antioxidant phenolic compound (protocatechuic, vanillic, syringic, p-coumaric acid and rutin) in the extract functioning as potent reducing agents. Fig. 4 
Characterization of aqueous extract of Ruta graveolens and AgNPs
The bands in 300-400 nm regions in the UV spectrum of leaf extract of the Ruta graveolens ( transition localized within coumarin group, whereas the band around 260 nm is due to the absorbance of ring related to the benzoyl system. These are related to the p / p* transitions and indicate the presence of polyphenolics as antioxidant source for green synthesis of nanoparticles.
8,27
For the synthesis of AgNPs from silver ion, the phenolic compound present in the extract acting as the reducing agents. The color change (yellowish brown color) during exposure to plant extract clearly indicated the Ag(I) ion reduction into silver nanoparticles, as shown in the UV-Vis spectra (Fig. 5) . Maximum absorbance of green synthesized AgNPs occurred at 430 nm due to the surface plasmon absorption of nanosized spherical silver particles, as our results showed.
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Biomolecules possibly responsible for the capping reduction of AgNPs were identied by FT-IR analysis (Fig. 6a) . The peaks at 3500-3400, 1680, 1460, and 1250-1050 cm À1 represent free OH in molecule and OH group forming hydrogen bonds, carbonyl group (C]O), stretching C]C aromatic ring and C-OH stretching vibrations, respectively. The spectrum shows the presence of phenolics in the plant leaf extract due to the presence of the functional groups in the structure of polyphenolics. The reduction of metal ions and formation of nanocomposite is possibly due to the phenolics in the extract. Fig. 6b shows the FT-IR spectra of extract and AgNPs. FT-IR spectra of AgNPs are characteristically different in the shape and location of signals as a result of the interaction between AgNO 3 and the phytochemical sites involved in nanoparticle formation (Fig. 6b) . Polyphenolics could be possibly adsorbed on the surface of metal nanoparticles by interaction through p-electrons in the absence of other strong ligating agents. The synthetic AgNPs seem to be stabilized by an organic layer originating from the extract of leaves of Ruta graveolens. Polyphenolics well stabilize these nanoparticles via the interaction of AgNPs with the OH functional groups. The photoluminescence (PL) spectra of AgNPs obtained with 260 nm excitation are shown in Fig. 7 . A strong and well dened peak is observed in the PL spectra at around 363 nm. The enhancement of electron density in the polyphenolics compound from leaf extract, adsorbed on the surface of metal nanoparticles probably gives rise to the high photoluminescent intensity. This electron density is the major contributor to photoluminescent emission.
Characterization of almond shell and Ag/almond shell nanocomposite
The FT-IR spectra of almond shells and Ag/almond shell, which are characteristic of cellulose content, are shown in Fig. 8 The bands observed at around 1600 cm À1 are due to the aromatic C]O ring stretching (possibly COOH) or C]C stretching of aromatic groups in lignin, implying the presence of lignin. 28 The broad peak in the 1040-1070 cm À1 region may be due to C-OH stretching vibration of alcoholic groups and carboxylic acids.
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The expected crystallinity of AgNPs is shown by the powder XRD patterns for the almond shell and Ag/almond shell nanocomposite. The typical broad peak of the carbonaceous structure in the XRD of the almond shell sample is due to the amorphous organic matter (cellulose, hemicelluloses and lignin) (Fig. 9) . The crystalline size is determined by applying DebyeScherrer formula:
where D is the crystalline size, b is the full width half maximum (FWHM) of the 2q peak, k is the shape of particle factors (it equals to 0.89), q and l are the incident of angle and wavelength of the X-rays, respectively. The average crystalline size of AgNPs associated with the all diffraction peaks was estimated about 15.20 nm. This result is in close agreement with the particle size determined by TEM. FE-SEM was used in the characterization of the morphology of almond shell (Fig. 10) . Almond shell was shown to have a sheet like structure. In addition, a series of 1 mm pores are observed on the almond surface. The interesting point is that the porous structure is similar to the structure of almond shell and may possess the catalyst porosity for dye absorption and higher efficiency.
EDS spectroscopy was used to analyze the elemental composition of seashell, conrming the presence of C, O, N and Ca in the almond shell (Fig. 11) .
Furthermore, the presence of AgNPs has been veried by EDS analysis (Fig. 13) . The amount of Ag incorporated into the Ag/almond shell nanocomposite, determined by EDS, was 7.3 wt%.
The synthesized AgNPs have been immobilized on the almond shell surface, as shown by FE-SEM of Ag/almond shell (Fig. 12) . The presence of Ag was also veried by the elemental mapping images (Fig. 14) . TEM was used to examine the size and shape of the AgNPs on the surfaces of almond shell (Fig. 15) . The particle size of spherical silver NPs on the surface of support is observed to be 10-15 nm. It is observed that size of AgNPs correspond with the calculated size by Scherrer equation. AgNPs have thus been successfully synthesized and immobilized on the almond shell surface based on the results of XRD, SEM and TEM for the Ag/almond shell nanocomposite.
Degradation of 4-NP using green synthesized AgNPs/ almond shell
The reduction of aqueous solutions of 4-NP in the presence of NaBH 4 at ambient temperature was used to evaluate the catalytic activity of the Ag/almond shell nanocomposite (Scheme 1). UV-visible spectroscopy measurements at regular time intervals were used to monitor the progress of the reaction. 4-NP has a maximum absorption at 317 nm in aqueous medium (Fig. 16 ).
In the absence of the catalyst, the peak at 317 nm does not change even aer a couple of days. 2.5 mM solution of 4-NP (25.0 mL) was mixed with a freshly prepared solution of 0.25 M aqueous NaBH 4 (25.0 mL) and Ag/almond shell nanocomposite (5.0 mg) at ambient temperature to evaluate the catalytic activity of the Ag/almond shell nanocomposite. Upon addition of NaBH 4 into 4-NP solution, the light yellow color of the solution changed to intense yellow, showing an absorption peak at about 405 nm due to the formation of 4-nitrophenolate ions under alkaline conditions, which did not change as time passed. When Ag/almond shell nanocomposite was added into the reaction mixture, the peak at 400 nm decreased and a new peak corresponding to the formation of 4-aminophenol (4-AP) appeared at about 300 nm (Fig. 16) . The whole peak at 400 nm disappeared aer about 4.5 min and the yellow color of the solution changed to white, indicating the conversion of 4-NP to 4-AP. Therefore, pure AgNPs can catalyze 4-NP reduction to 4-AP, but at slower reaction rates than Ag/almond shell nanocomposite. A longer reaction time of 15 minutes was required for complete reduction of 4-NP to 4-AP by NaBH 4 using pure AgNPs (Table 1) . Thus, Ag/almond shell nanocomposite has a higher catalytic activity in the reduction of 4-NP to 4-AP compared with AgNPs alone. This can be attributed to the possibility of the almond shell support playing an active part in the catalysis, leading to a synergistic effect. Signicant pollution is caused by dyes and other dyestuffs, which are the major effluents from the textile industry.
32,33 Most dyes are not biodegradable. Thus, the development of an environmentally friendly method for reduction of these compounds in aqueous media is highly desirable. The reductions of RhB and MB by NaBH 4 have been chosen as model reactions to study the performance of the synthesized Ag/almond shell nanocomposite. The sequences of the steps in this reaction are: adsorption of NaBH 4 onto the surface of catalyst to form metal hydride, adsorption of MB (RhB) onto the surface of catalyst, and reduction and desorption of MB (RhB) to create a free space for the reaction to continue. The decrease of absorbance at l max (l max (RhB) ¼ 550 nm and l max (MB) ¼ 663 nm) with time was used to spectrophotometrically monitor the reduction of RhB and MB by NaBH 4 (Fig. 17) . RhB and MB catalytic reduction by NaBH 4 proceeded successfully, as expected ( Table 1 ). The effects of the amount of the catalyst and NaBH 4 were determined for reduction reaction. No product was obtained in the absence of the catalyst. Thus, indicating that the catalytic reduction occurs at the surface of catalyst. In the absence of catalyst, no signi-cant color change was observed within the reaction time and the peak remained unaltered for a long duration. On the other hand, in the absence of NaBH 4 , no reduction occurred in the presence of catalyst. Also, no signicant color change was observed in the presence of catalyst and in the absence of NaBH 4 . Thus, the reduction reaction was carried out in the presence of catalyst and NaBH 4 .
Scheme 1 Mechanism of the catalytic reduction and degradation of 4-NP with Ag/almond shell nanocomposite at room temperature. The applicability and efficiency of the synthetic catalysts was evaluated by comparison of the results with those of the recently reported methods for the reduction of variety of dyes by NaBH 4 ( Table 2 ). The proposed method is the shortest method for the reduction of organic dyes reported so far.
Catalyst recyclability
The recovery and recyclability of the AgNPs/almond shell was also studied in 4-NP reduction. Upon completion of the reaction, monitored by UV-Vis spectroscopy, the catalyst was removed from the reaction mixture by mild centrifugation, washed several times with distilled water, dried and used in the next reactions. The catalyst was observed to function well up to ve catalytic runs with 100% reduction of 4-NP, demonstrating the high stability and catalytic activity of Ag/almond shell under the operating conditions. The recyclability of the AgNPs/almond shell was also studied in the reduction of RhB and MB under the reaction conditions. The results of recycling experiments showed that the catalyst could be recycled at least ve times for 100% reduction of RhB and MB.
Conclusions
Ag/almond shell nanocomposite has been synthesized via a green method using the extract of leaves of Ruta graveolens. Phenolic acid and avonoids in the Ruta graveolens leaf extract, both of which act as reducing and stabilizing agents, probably facilitate the formation of the Ag/almond shell nanocomposite by Ag(I) reduction. Strong catalytic activity is shown by Ag/ almond shell nanocomposite in the base and ligand free oxidative hydroxylation of phenylboronic acid to phenol and the reduction of 4-NP, RhB and MB at ambient temperature. This simple and versatile protocol has been used in the synthesis of phenol in high yields. The catalyst could be recycled several times with no loss of catalytic activity.
